Multi-tolerance to heavy metals in Plantago arenaria Waldst. & Kit.: adaptative versus constitutive characters.
Tolerance to Cu, Cd, Ni and Zn was investigated in a population of the pioneer species Plantago arenaria growing in a metallurgical landfill. Tolerance levels were compared with those of two other pioneer species (Coniza sumatrensis and Verbascum densiflorum) growing in the same location, and with a control population taken from an uncontaminated site. Results showed that the metalliferous population of P. arenaria was more tolerant to metal toxicity than C. sumatrensis and V. densiflorum. Comparisons with literature data confirmed that the metalliferous population of P. arenaria was highly tolerant to Cu, moderately tolerant to Cd and Ni, but not particularly tolerant to Zn. The control population of P. arenaria responded the same as the metalliferous one excepted for Cu, for which it was much more sensitive. This suggested that multi-metal tolerances in the metalliferous population of P. arenaria resulted both from constitutive and adaptative traits, depending on the metal. To check whether P. arenaria was able to cope with high internal metal levels, accumulation patterns were evaluated in pot experiments. Results showed that metals accumulated in roots and leaves, at levels proportional to soil content. Metal content was much higher in roots than in leaves and the leaf:root concentration ratio was kept constant over a wide range of soil metal contents. This suggested that metal tolerance was related to the ability to retain metal ions in roots and to tightly control their translocation to leaves. Finally metal tolerance in P. arenaria is discussed in relation to its pioneer and xerophytic characteristics.